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A bber Company 


OW TO SAVE MONEY IN YOUR 





Y )ears ago in Alabama Taylor Coordinated 
[nstrumentation was working for Industry. 
loday in modernized and even more efficient 
form it is available for your plant. Send 
coupon for the Taylor Consulting Service 


TINUE TREND toward the fully 
| automatic control of entire proc- 
esses may be recent. But the means 

r doing it are not new. 

Nine years ago Coordinated In- 
strumentation as developed by ‘Tay- 
lor Engineers began to operate in 
process industries. 

\t that time twenty-six Taylor 
Systems of Control, illustrated by 
the panel board shown below, were 
designed and built for the Gadsden 
Plant of the Goodyear Tire & Rub- 
ber Company. Twelve more units 
vere constructed for a tire and rub- 
ber plant in South America. 


ver since then, these thirty-eight 





IN 1928 





r€ in Work 
ated Instru 
10on an exten 


ile. The illustra 





ws panel board 
1 designed for 
Gadsden, Alabama 


f Goodyear Tire 


systems have been automatically 
controlling time, temperature and 
pressure in curing all the tires made 
at these two plants. And since 1928 
Taylor Sy stems of Coordinated In 
strumentation have been helping to 
produce many products in rubber, 
brewing, textile, tobacco, food and 
other fields. 

Whatis Taylor Coordinated In- 
strumentation? It designates pro 
ess control in which two or more 
variables are controlled in a prede 
termined relation to one another 
This includes installations all the wa 
from al Single Tay lor Time Schedule 


Controller to a complex system = in 










LANT with Automatic Process Control 


which several instruments are coo 
dinated and interiocked to carry 
completely an intricate process. ‘T} 
latter svstemis built around a’Taylor 


Time-¢ ‘vcle Controller, the complete 
master of a process evcle, Ww] 
controls a series of operations 
cording to a hard and fast schedul 
to produce a product of precise 
characteristics and qualitic . 
Taylor Coordinated Instrumen- 
tation guarantees repre mduction of : 
processing schedule at any time- 
every time. It is one of the best 
assurances of uniform quality. It 
speeds the production flow. It prac 
tically eliminates waste and seconds 
It saves money... cuts production 
costs. It increases net profits 
Taylor Coordinated Instrumenta 
tion Is an Investment whose returns 
exceed the money invested. Let 
fit it to your needs in your plant. To 
et the services of engineers) whi 
know industry's problems and will 
help you apply this control to your 
processes, just fill out and send mm 
the coupon. Taylor Instrument Con 
pales, Rochester, N. ¥. Plant 
‘Toronto, Canada. Manufacture 
Great Britain—Short & Mason, Ltd 


London, England. 
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BATTERY OF FOUR METRIC IRONCASE METERS-TYPE 60-8. Each 


hos a capacity of 950 ft. per hour at 2” loss and 2000 cv. ft. of 
quipped with a Westcott Volume and Pressure Gage 

METERS SET UP in parallel, facilitate industrial gos measure- 

ment and an uninterrupted chart record of the load. Any 

meter can be cut out of line, for proving or overhauling. 

Metric Ironcase Meters—sizes 5-B to 500-B— include types 


to meet all service requirements. The processed one-piece 








body resists corrosion and eliminates internal leaks. Friction 
loss is held to a minimum .. . accuracy maintained at highest 
standard. Descriptive Catalog EG-40 mailed at your request 
AMERICAN METER COMPANY 


METRIC METAL WORKS ERIE, PENNSYLVANIA 





FURNACE Cu., INC. 
STOCKTON, CALIF. 







Fraser Floor Furnaces are compact, 










gas burning, heating units. Occupy very 
limited space and produce heat at low cost. 
Chace Bimetal is the active element used in 
the safety pilot, which automatically shuts off 


the gas supply in event pilot is extinguished. 


For dependable automatic movement in your 
product investigate the possibilities of Chace 
Precision Thermostatic Bimetals. Sold in 
sheets, in strips and in finished form ready 


for assembling in your product. 


W. M. CHACE CoO. 


1609 Beard Avenue - - - -Detroit Mich. 
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PRECISION CALIBRATION 
of electrical instruments 


By W. R. Gilbert 


HARDNESS MEASUREMENTS 
The Brinell Method 
By S. R. Williams 


INSTRUMENTATION FORUM 
Problem No. 16—-Measuring small flow 
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NEW INSTRUMENTS 


Indicators, recorders, controllers, inspection d 


; 
vices, etc., for plant, field, and laboratory 


EDITORIAL COMMENT 

INSTRUMENTS BOOK SHELI 

BUYERS’ GUIDI 

MANUFACTURERS’ NEW LITERATURE. (A 15) 
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romised, another article on modern 
ent for precision calibration ot 
| instruments. The articles in this 
ium, vou will note, are not repe 
Last month Egnor described only 
of the devices in the great G-F 
ting department at Schenectady 
e did not have occasion to mention 
ther G-E house of wonders, the 


dardizing laboratory at West Lynn. 


fhis month Gilbert, in four pages, can 


tell part of the story of the Weston 
bration department. So will it be with 
irticles: each giving vou distine 
ideas—-as Egnor’s did last month 
Gilbert's does this month. The 
ones, by the way, may not ippear 
summer ; they aren't ready. As a 
tter of fact, although Gilbert’s was on 
desk last fall and definitely sched 
for this issue, it was entirely re 
tten since then and his final manu 
together with the specially-taken 
graphs and specially-drawn — dia 
only reached us last week! 
If these instrument-company physicists 
engineers wrote as. effortlessly as 
vent and develop, we could unhes 
vly announce a rigid future sched 
We hope—rather than expect-—that 
Mixing and pleading will bring, tor 
nformation, three more precision 


tion articles before Christmas 


fessor Williams having discussed 
tion-hardness methods in general, 
this month specifically with the 
method and its commercially 
ble embodiments. Next month, an 


erican method: the Rockwell 


HE FRONT COVER 

the gaseous-fuel distribution load 
cher’s station at the River Rouge 
~ the Ford Motor Co. Principal 
nents are the receivers of Bristol 
meter” systems—fifteen for pres 
elemetering and one serving as a 


ng tachometer 








NEW AIDS TO CALIBRATION 


y AST summer, in the course of a six-week, 10,000 mile vaca 
L tion, we had the pleasure of going through various man 
ufacturing plants and public utilities. Visits to instrument 
departments afforded keen pleasure, marred only by regret 
that in many calibration rooms the precision regulation facili- 
ties are still confined to milliwatt levels: no high-precision 
standards for power-level work! 

Back at our desk in September we decided to do two things: 
(1) Get articles on recently re-equipped calibration labora- 
tories; (2) print a strong editorial on the need of power-level 
standards. The articles have begun to appear. As for our pro 
posed sermon, we submitted it to famous authorities on instru 
ments and measurements, because it was vehement in spots: 


() but it’s different! vO 


I ty tew ratiol partment nay 


The comments by the I&M experts were so much more in- 
teresting than our own paltry effort, that we decided to print 
some and kill our proposed editorial. Here are typical extracts : 
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CONTRO sysTEM 











The Mark of 
Effective Control 


Process Control for sensitive. stable 
automatic control of temperature, 
pressure, liquid level.flow and other 
factors as applied to industrial 
processes. Responds to changes 
quickly.without overtravel or hunt- 


ine. Ask for Bulletin No. 101. 


Combustion Control that is simple 
but complete for providing econom- 
ical ope ration 
of boilers of 
200 h. p. and 
larver. Details 
in Bulletin 
No. 102. 


Boiler Meters 


for recording 





combustion 


Recorder-Controller 


conditions and 
euiding boiler operators. Deseribed 


in Bulletin No. 44. 


Multi-Pointer Gages for indicating 
factors such as draft. pressure, tem- 
perature and speed. 
Phese Gages are avail- 
able with any number 
of pointers and any 
scale combination: in 
either the oil sealed 
bell or diaphragm con- 


struction. 


Flow Meters for indi- 


cating. recording and 





integrating the flow of 
steam. water. sewage, 


and other fluids. Bulletins 


air, as 


No. 39 and 


S00. 


Recorders for pressure. temper- 
ature, drafts. liquid level and other 


factors. 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 
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NEW INSTRUMEN‘’S 


In this department we strive to report each month ALL the new 


for measurement, inspection 


testing, metering and automatic cor 


the form of concise technical descriptions. 


When writing to manufacturers directly, please mention this department a 


your source of information. 


Or write to Information Section, Instruments Publishing Company. 








Contact-Making 
Electrical Instruments 
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Softness-Porosity . 
Smoothness Tester 
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Revolution Counter 
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Belden Re 
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speed 
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Vacuum... 
Thermocouples 





Ranges from | milliampere to 10 
amperes, in either contact or sep- 
arate heater types. Prices from 
$3.00, quantity discounts. 


Write for Bulletin “A” 


AMERICAN 


Electrical Sales Co. Inc. 
67 E. 8th St. New York, N. Y. 
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$-M-0-0-T-H 
VOLTAGE CONTROL 
Tor A.C. circuits 


TH Transtat is the new 


tinuously variable auto-transformer 
ideal voltage con 
for a.c. circuits. It offers high ef 
ncy, good regulation, great flex 
ty and dependable construction at 
derate cost. Standard types arc 
silable for controlling voltage tc 
jle- phase and polyphase loads 
ted 10 Kva. and smaller, 50 or 60 
es, 115, 230 or 460 volts. May we 
1 you bulletin 51-1 which contains 
mplete data? 


tine 


VOLTAGE REGULATORS 


AMERICAN TRANSFORMER CO. 
Newark, N. J. 


gulator ... the 


78 Emmet St 











Decade Potentiometer 


+ Wher 















Manual By-pass for 
Air-operated Control 
Potentiometer 















““MEGGER*“’ 


DIRECT INDICATING 
OHMMETERS 


JAMES G. BIDDLE CO. 


| ELECTRICAL U3 INSTRUMENTS | 


1211-13 Arcn STREET * PHILADELPHtA, Pa 











A MULTITUDE 
of CIRCUITS 














Obtained | | Easily 


With new 


peratur 


appiicat a and tor Juipment wher 

BURLING ° COMPANY 
ae NY 

239-24] Spr ringfi sid J J 





INSTRUMENTS 
\pr L938 I 












Redesigned Comfortrol 


t 


e 
ae 
6 


I 








Ni ‘ el erature me. nor humid 


ve LOL, for techni 

description of origi 
{ mnftortreo a Rede 
lgned miace IS ot 
mie SIZ ind outside 
pearance ‘ maker's 
dard thermostat, 
mbines thermal and 
v SCODL clements, 
table for ' 1 
cation to any type of 
heating equipment Con, 
mils, sStOKET, ete Or 
ype of cooling 
equipment By means 
f Friez Summer-Win 
( 5 itel Sl ole 
ruins < e used 
for l heating 
‘ ] ‘ i i CT 

niet l SUDDEN 


‘ Leler cic ( 
{ t ‘ tl ‘ ‘ { 
ritte 
if CCOLVE i¢ 
el aed ai ( lvl 
ea pin l 
‘ eC 4 ‘ 
‘ ‘ ‘ 
‘ Siv r ) 
ele ‘ Cot 1 n 
‘ ele ne Service bole 
ero) tel tive ! 
‘ , 
' re { ‘ ) 
nh, ‘ ( tl 
I ‘ ait hor ete if CATIONS 
r f existu elephone 
‘ C1 I miittin st 
Ist l aaitior standard 
‘ et a wl con re \ 
on | iting «ae ee stor iy t 
ad ft lelemarl wselt I} iter 
‘ ition element cor 
ea ft ( | ‘ mneter, ete 
1 i element. Positioning ele 
COTMPTISE three disks, each divided 


eahaeu de 


# oF 


INSTRUMENTS 


e 106--Vo 11 


rinciples; May 1934, 


“ CLOSER -THAN - COMMERCIAL” 
TOLERANCES 


* 
Obtainable in 
Pt, Au, Ag, Ni, Cu, Fe, Al, 
or any special alloys 
* 
BARE WIRES drawn to .0006” diameter 
RIBBON rolled to less than .0OOI” thick 
FOIL rolled to less than .0005" thick 
* 


GALVANOMETER SUSPENSION . 


STRIP 


CLOSE SCIENTIFIC CONTROL OF CHEMICAL 
COMPOSITION AND PHYSICAL CHARACTERIS- 
TICS. High purity; exact size, weight and 
elongation; high tensile strength; accu- 
rate torsional properties, resistance and 
temperature co-efficient of resistance. 


* 


Specialists in Precise Control of 
specifications for difficult alloys for: 


ea 
@ GALVANOMETER SUSPENSIONS 
@ RESISTANCE and FUSE WIRES 


SIGMUND COHN 


44cou st. A NEW YorK 
SINCE rN 1901 











(%) AQ TYPES OF 
““. MEYLAN STOP 
é ~ \NWATCHES 


REPAIR SERVICE 
Fam ~aeeaggh geet Reggae ated 
A.R.& J. E. MEYLAN 
“Specialists in ming 10 uments 


264-66 West 40th St New York City 

















NATIONAL * 


RHEOSTATS 


for Catalog N 
Nati Flectric Controller Ce 
5317 Ravenswood Ave., Chicago, IIl 
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Photoelectric 
Densitometer 


bere ise _pisaamecn \asceevOnet® 





CODMpPAnLON Piece 
searcl prayectior comparator 

une March 1938, page 4 
structed for use therewith, cor 
two units containing phototube, 
ind microammeter. “Photocell” 
DTrISeS phototube ind 
mplifier mounted together 
luminum housing having a. slit 
vide, backed with a condensing | 


unit is mounted behind the 


comparato 
face of tl 


jected = on 
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feries ind 
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Cochrane Flow Meter and 
Associated Combustion Instruments 


I ew 
nex t i 
Write today for Publication 2094 


COCHRANE CORPORATION 


20 N. 17th Street Philadelphia, Pa 








it.) 

When * 

Reliability 
Counts 








for neu 





g It's Free! 


STRUTHERS DUNN, INC. 


N. Juniper St. Philadelphia, Pa. 








Sequence Control 
for Furnace Draft 


Chief purpose of Sequence Furnace 
Draft Control is to prevent blow-back 
occurring at the ignition period in. the 


on-and-off tvpe of oil and gas burners 


in dstokers. Device is electrically oper 


ited, opens up-take damper wide an i 


stant before burner or stoker comes 


hus wnitlor Is iccomplished it! 
“EXPLOSLOL ‘s Darnype r ois thet Closed to 
position required for good combustion 
iftter hich = the regular draft contro 
operates. Other purposes: 1) ‘To 
vent too hig dratt during “off” period 
ot stoker-ftired boler even thougl if 
mav ne me ri aqauring or period 
”) Some types ft oil ad vas bp ‘ 
do not shut o tir durin of periog 
so th hye burner is on oper \ 
baile r functor idia ! Ne ad 
we elle bot Types it losse { 
regulating combustion chamber draft 

lo ind etlicient value during the “ot? 
is well as. the I periods of stoker on 
burner operation rhe Have Corn... P.O 


Be Michigan City, 1 / 


Assay Balance 


This is a fast, direct-reading balance 
with a total range of 0.10 me, accuracy 
of 0.065 mg. and zero temperature errot 


General construction is similar to. that 





of the maker's Model B Precision | 
Ince \ssav B ince has knife edges 1 
stead ot IN S rings ith zere eu 
perature error nad eam I ( aesigz 
ind constructi Crust eed CCl ( 
is 0.1% of full seale. A prism, available 
is an extra, bends pointer il ve 45 a 
ye rmuts reading the zero pointer ' ithout 
shifting head to eliminate parallax er 
rors. Roller-Smith ¢ i wortl 


Bida Nex ) - 


Photogrammetric Lens 


1)< veloped to enable i sinule photo 
graph taken straight down fron n 1! 
pl ine to show an area three times greater 
than heretofore possible from same alti 


tude, “Metrogon™ lens covers 90° of fic 
vet has negligible edge 
prope rties, plus focal length 5 , f:h3 


ind center-sharpness of detinitior 


only by graininess of emulsion, make 
combination regarded is in optic 
ichlevement, opening up me upp lic 


tions in other fields than aerial mappir 


Bausch & Lomb Optical ¢ f 
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| Precision Registering 
at High Speeds 





rant Productim é f 
pee | cou j are pre 
struments built under exact 
s wor ific t iS M l¢ B W 
¢ ve is I earing revolu 
tion ¢ ter 1pable f 5000 
counts a minute. It is designed 
for such high speed worl 
testing, coil winding, and 





long life with Productimeter 


Productimeters 


" THE SPEEDOMETEDS OF INDUSTEY 
~ < 


DURANT MFG. CO. 


1930 N. Buffum St., Milwaukee, W 
182 Eddy Street, Providence, R 


. 1" } 
Im aii principal ities 


Sales Offices 











TELL US WHAT YOU WANT TO COUNT 





FOR ACCURATE 
GAS ANALYSIS... 
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Decade Resistances 









RESISTENCE BOK TYPE 622 
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Automatic Still 


~ | \ " ( |! 










INSTR( 
l 


Ml 
vi 


108 














WHEELCO Portable 
Potentiometer 


Wheelco Instruments Co. 


85 So. Halsted St. Chicago, Ill. 











To Gauge the Progress 























of Today's Accelerated 

Pace... 

In Industry, Science 

and Transportation ... 

The need for Accurate 

Timers assumes Greater® 


Importance... 


GUINAND; GALLET 
GALCO and SECURITY = 


Timers set the Standard for 
Enduring Dependability 


Write for Catalog 7F 
JULES RACINE & CO. 


20 WEST 47TH ST., NEW YORK 








Reflex-Vicke: 
Hardness Testi 9 


Machine 





innate is itched i i 

t¢ urtace her ( l 
urninyg me ¢ I Ch 

l l ea a i\ n¢ Trike 

tive swung Into position over 
Magnitied 7() or 140 
dentation then ippears o1 
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In foeus, dlamond pyramid 


Precision Resistors 


Ki { ne 
Prec m Wire Wound Resi 


oH. — me 
elve, giving complete 


units brir 


ductive na NON-INGCUCTIVE 


Py yo WW-5, WW-6, WW 








ind WW-9 repre sent interme 
for flexible mounting. Varior 
termunals ire supplied 

Types WW-12, WW-18 nd 
feature is that resistance wire 

to the lead internally throug 
mic and vet completely inst 


protected fron windings 


bolts. All units are wound 
cores with Nichrome or 

wire Special Impregnation is ' 
to protect the windings.-/nf¢ 
Resistance ¢ \ RB 7) ie 

















The AU Purpose 
& VELOCITY METER 


**Alnor”’ 
V elometer 


Instantaneous 
Direct 
Reading 


No Timing 
No Calculations 
Write 
for Literature 

IES!tING LABORATORIES, Inc 


iNUIS 
Chicago, Iilinois 


N Austin Ave 








Surface Temperatures 
P The “Alnor” 
Combination Pyrocon 


a 
Stationary 








Moving 


Ideal for rolls, molds, 
plates, platens and 
plastic material temper- 
atures. 

Write for bulletin. 


Illinois Testing Laboratories, Inc. 
142 W. Austin Ave Chicago, IIlinols 














ALNOR Electronic Type 


PYROMETER 
CONTROLLER 


For all industrial 
applications 


Ranges 0-600 to 0-3000 
r bulletin 


ILLINOIS TESTING 
LABORATORIES, INC. 
142 W. Austin, Chicago, III 


Write f 














Lhe Kew 
TWO-IN-ONE 
SHALLCROSS 


HI-LO RESISTANCE BRIDGE 


0000 


MILO RESISTANCE BRIDGE 
TYPE 637 5 . 


os 


pecially practicable for measuring 


resistance of relay ontacts, col 
mature windings. ete 
This one unit includes both a stand- 
ard Kelvin Bridge and a andard 


Wheatstone Bridge 


Send 


for Bulletin 637-HE 


SHALLCROSS MFG. CO. 


COLLINGDALE, PA 

















Test Oscillator 


Circul ft Mock (76 ‘Test Osei 
provides WtOMaAthe il 1 
inv required level from L to LOO,OO¢ 
Unit is designed for high-stability ope 
tion from anv TLO-120 volt, 60-evcle r 
line, wit output characteristics in 
pendent of fluctuations i_ ling tag 
Direct-reading 330 dial, with six” tre 
quency scales veraging ovel foot 1 
length, is) individually cahbrated it 
hand-drawn scale divisions, obviating 
use Of trimmer Condensers SIX ( 
hands 
FO-200 ke LS-6.0 Me 
200-000 K¢ 6.0-1S Me 
IOO-LSOO Ke IS-30 Me 
Further stability is assured by ne 
tv ype of band switehing unit: six. Cols 
mounted directly on switch no wire 


connections or leads. \ecur eV gu 
0.5% on three i-f. and Be. wave 
Ie, on the three short-wave band 
put voltage constancy t all Fre 


settings is achieved by circuit 


iutomaticalls changes mutual ¢ 


iLrantee 
bands: 
s. Out 
(puie ney 
which 


ONL 


tance of oscillator tube in proportion to 
signal ted to attenuator. Scale is grad 
ited in even divisions from 1 to LOO witl 
i 4-position multiplier switch for direct 
10, LOO) and L000 settings: direct 
reading in microvolts output. In ord 
that no enerev reach receiver except 
the terminals, shielding is unusually con 
plete, even the line cord being shicldec 
right to the pig Wave torn IS ( 
manently held. Provisio is made 
r-f. outp Hard ted t £00 cvecles, fe 
continuo ( mitput CW nd f 
I s¢ l \ t i¢ ( erm 





frequency modi cteqQi 1 1 oul Kon 
tubes re tilized 4 he circult CC 
tifier, the oscillator nad mplitude car 
trol tube, butter ma mrad ’ 1) 
Spite its hie-T ve COVET e } Treq ( 
na | I eve Vode ( ISN ¢ 1 
no ble Wy Eile 
{ / / t \ 
VY. J 
7 o 
Universal Motors 
ko 1 1 ( r 
ad co ’ prprade tor Hil ™~ 
tractor Hey) motors ith reaductye 
¢ S ‘ innounced in t es 
totaly ( Sec 
Nousing ( 3 
Tht Li ny 
ventilated using 
na co 1 
rating. Double 
vear-s t ex te 
sion 1 xt SSI 
ble either direction 
f rotatior Nu 
mere sl ad 
vallable 92] is | p 824-2249 nN 
The Dunme (' Ra iW 
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29 ranges in less space than any r 


equivalent combination 


size 12 x8 x 6 


RANGE OF MEASUREMENTS 
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+ Price $165.00 
. 
Th Rawsor measuring instruments are 
only ones having tw pivot movements w 


weight is lifted from 
transit Electrical clamping does " 
plish this purpose 


jewols whe lamped f 
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GRAVITOMETER 


An accurate record of the specific 
gravity of gas. 





Compensated for temperature and 
barometric pressure variations. 


different 


A number of ranges 
available. 
Worste for Catalog No 


THE REFINERY SUPPLY CO. 


631 E. 4th St. Tulsa, Oklahoma 









INSTRUMENES 
\pril 19381 











Machine Timer 





‘ ( I miet Tule 
ite to tl 
ay ( ced hrough in 
‘ Dimer i ranged 
‘ 115 23 ) vd ¢ 
evel Contact tip re rated 1 wp) 
na ) mip t 2380 volts 
ted scale has LO divisions propor 
me: maXiniuom and minimum 
verati fines on TLS volts are approx 
‘ 3 sec. Resetting time is about 
‘ lin timing. ‘Timing is— re 
ead ft 7 ( Por i resetting time of 
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Industrial pH Meter 
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Te Tomo Cooprnan dary extreme 


Beckman pli 


stem with operating 


rugvedne SS; Can 





‘ ! non-technical mens: is said 
cl exclusive fteatures melud 
1) Gia cles Mle system suflicient 
‘ aT fely Used Ti VISCOUS 
emi ETE ibstance nd in rapidly 
flowit quids. (2) Elec 
Tee Vater na ead vire shielded for 
installation ithout pieking up 
‘ tic interterence 3) Continu 
Il indication vhen button ow locked 
eaving operator's hand tree for 
i ete } Du scale instrument 
( ‘ ‘ ite ! first ositior 


1 Quttit ‘ rely self-co 
ined in hardwood « e with detachable 
fety cover that cannot be closed until 
‘ ris completely shut fl Vat ’ 
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Genuine Mercury Thermometers with 
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{1 everywhere 
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1 Can be 


more mercury 


seen al distance, 


sme ke : 


Lreatl 


through steam, dust, et 
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Rheostat AssembI;-< 


Mmbodving maker's larger-s 


stats, this new type of gang 


’ | 7 
used for the control of electric 
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us Where several circuits are to 


iried, as in the 
3 phase 


CONSISTS 


taneously contr 


Individual 


\ssembly 


phases of a 


illustrated 





‘Model | rheostats rated at 1, 
each, overall length LpPpron 3s 
height 15 >; Is) Intended = for 
drive, Is equipped with separate 


on end plates Kach rheostat 
from thre 


“Ohmite” 


vidually driven 


through special 
coupling designed to eliminate 


tion. New 


bye supp lic d for 


construction and assen 
2, 3, 4 or more rt 
In co-axial re! 
tion of 800-, 500- or 
Ohmite Vanufacturinag (‘ao 
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idded to anv one 
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POWER SOURCES 


for Instrument Calibration 


By R. W. GILBERT 


Development Engineer, Weston Electrical Instrument Corp., Newark, N. J. 


INTRODUCTION 


EGULATION of voltage and current sources for 
calibration of electrical instruments has long 
been a problem in standardizing laboratories, 
particularly acute problem where a great deal of 
ne calibration is involved. When the operator is con 
ted by occasional fluctuations requiring readjustment 
calibrating potentiometers, the probability of hu 


error is greatly increased even when the extent of 


se variations is not intolerable 


In the case of direct-current magnitudes the most sta 
power source available in the past has been the le id 
1 storage batterv. However, where a number of cali 
ing tables are ope rated from a common batte ry ind 
being turned on and off at random, stability of the 
ply voltage becomes dependent upon the resistance of 
battery and common supply line in unsatisfactory 
ndition at best with new batteries. and aggravated as 


+4 5 ] 
batterv ages and its internal resistance rises. 


Che standardizing and calibrating laboratories of the 


ton Electrical Instrument Corp. were recently con 


ited by this aggravated situation: the aging of heavy 


= 


? 


ge battery banks that had been in use for many 
irs. ‘The prospect of replacing several thousand dol 

worth of storage batteries without achieving a per 
inent solution prompted investigation of the possibilities 


substituting a regulated motor-generator set. Several 


vpes of regulators were tried and it was found possibl 


equal the steady state voltage regulation of a he iv\ 


ink of new batteries. However. control was obtained by 


irving the field of the generator: the high tield induc 


caused a lag that prohibited its use; and sudden 
inges of load caused temporary voltage changes of 
hicient duration to cause bad deflections of the eali 


itil 


g potentiometers and instruments being calibrated 


Che limitations of the generator-regulator method ad 


inced the necessity for obtaining regulation independent 


generator characteristics, requiring direct control. 
bably by some electronic method. At this time it 
irred to the laboratory personnel that it might lb 


issible to go a step further and obtain a standardized 


wer source instead of simply a regulated source. Fur 
rmore, such a source could ultimately be made to 
wide standardized magnitudes for direct calibration 
nstruments rather than simply a stable source of 
ige for operation of conventional calibrating poten 


nee a ®t 


4 


\ practical basic method was worked « 


lye di scribed were built. and produced excellent re 
ts. Because it is necessary not to intertert with regu 
production facilities, installation of standardizing 
lators is nec ssarily slow and the present units wer 
gnized at the start as not the ultimate but wer 


ed In service to prove the basic lit thod ind to meet 


an emergency. Results. however. have detinitely indicated 
their worth and more extensive application of the met! od 


is contemplated 


METHOD BASED ON STANDARD CELI 
AND STANDARD RESISTOR 
It is well recognized that the most reliabl pra Weal 


reference standard is the emf. of a standard cell and the 


resistance of a precise resistor. Both are capabl rf 
stability within a few parts per million over long period 
of time under service conditions. The standard « il 
resistance were thus idopted is the working standard 
for the regul itor sasically, i current t Y { 
standard resistor provides a voltage drop that mus 
maintained in balances waist th standard tag 


requiring a null detector. For this purpos 


nent-magnet - moving-coil galvanometer is) unsurpass 
ind offers a practi il method of dete ne potention ! 
inbalance. It is now necessary. first. to establis 
tentiometer divider (or a shunt) to balance the v 
being regulated against the standard cell: second, to pro 
vide a means tor control ing the magnitud 
oO galvanometer deflections in order to iin 
hrometri¢ balance Another SUIPUlAtTION Is fT t 
ing action be suthcic ntly rapid to rebalan nst 
variations betor they i! notre ib] 1! ! 
being calibrated 

In the Weston Photoelectr Pot 
ment was available pre i] irly id iprte 1 to this 
and containing a null galvanometer suthciently sen 
for the precision required Chis instrument is ! 1 
scribed elsewhere) so only its characteristics pertine) 
this application will be treated here. Bri Hy. it nsists 


of a self-contained power pack, and a mirror galvano 


er and optre i] system operating In conjunction wit 
eleetronic circuit to product in output ww respon t 
galvanometer deflections. Ordinarily this dey s used 
iS a measuring instrument and as such contains stat 
irdized potentiometer resistors. However, as used it 
regulators to be deseribed. the potentiometer resistors 
if any, are external to the unit— which is then no long 
i self-contained potentiometer but simply a v Val 
ter amp lific r ind shall be referred to as. s I 
optical ind eleetroni systems ar so arrang hat 
galvanometer deflection in- the rrder of 10 minutes 
ingle will produce an output iItag t 1 
volts. This output can then be pp 1 : | 
sually a bank of vac t Ss pat g 
continuous control over the magnitude being reg 
Thus a re idy nethod is availab] ror adypusting v 
nitude continuously in response t I 
ince, to maintain a standard \ 

Phe galva ! r used is i } 







































Fig. 1. D-c. Voltage Regulator 
Simplified diagram; and photo 
zraph of the regulator as in 
stalled on calibrating line. 





in for a proper match would be 200 ohms (neg voltage was standardized at 152.50 volts betw 
ecting 1) idditional circuit. re sistance which can b heavy copper terminal bars: and each calibrat ne 
ide negligible Chis energy demand at 200 ohms rep had a private line to the terminals to avoid comn 
nts a current demand of 5 10 unpere, or a vol drop Phe terminal blocks simply provided a 
tag | id oan tine KOO-ohim circuit of 2 LO volt source Of pr rfect reg lation within functional li 
Ayvainst I na standard cell voltag of 1 volt this re gula or was designed to accommodate loads 
presen i sensitivity of | part in 50,000. Allowing for unperes at the regulated voltage 











hdditive vat itions n st indard-« 1] Vol it ind resistam The eircull diagram Bal lig Il shows thus 1) 
ind som loss of galvanometer sensitivits with stalled. The galvanometer unplifi r unit is show 
pra ial results better har 1 part in LO,OOO, or matin illy tor simpli ity It merely supplies igrid 
01% ’ reasonably assured. As O.O1% is a setu to a vacu tube bank in respons oO galvan 
I ty sion for the g it if k of cal iting ce Hections. A bank of 32 parallel Type 2A3 tubes is 
nd figure was accepted as the overall toleran n the diagram as one tube for simplicity. The d 
t tana ] nye reg tors designed tor s ndard sistor p ovide Necessary drop nm vol vu 
ition of din ! r voltages mtrol by virt the tota plat current I 
I ) 1 of reg ition I suc i Vst iss ny nk. ‘The tube bank n t i ipable of iwing 
lel , nst in S { ‘ ! ) 1) Ss. as i 1 ~ oltag Vv drawing 
{ I t P| onl non t ind ft v I rrent n 1 Weal { { \ th ond I} 
t t tl ner nt of gaivano tut was ted bec ifered t Dest ) 
t } 1 ad by ! n { defl ) ‘ v ! ! \ 120 im} 
} ting r a s\ \ \\ vival resistal nd WwW oCOS \ pla i 
lefl }) 1 portion ( nt vrid t Dron 1 pr rily » ind 
t winding 1 t s al ory » tlne md mott t . it nk. It has been f 
‘ v ( d i \\ . i\ Pairiv pat I presumat 
1) ad i ‘ i ) tiona I | rating t t i [ thers automat 
ne ins it 5} 1 of regulation is Ves ss oft oad and will last as long 
) | 1 S { s ] | 1 mwes Nn 11s is i ny moan i We I Was Tor { ! 
. . io WwW S 11 { \ rg > ( 1) iC t I th ink wit in na 
toring rq rrent ch larg than that resistor to suppress peculiar type of high-t 
1 { pring n licating instrumen resulting ntertub scillation tha sometimes occurs W 
, R rt t SUA In pr ict no diff I lis tvVp il clos V para lel d 
yw mintered in obtamimng per ds of 0.07 s | potentiomet ( t is a slmple voltag 
1. nd per Is as rt as 0.038 second w ) d mtaiming a multipoint switch in one sec mn 
xD nia justment to the ¢ fied voltage of th part 
4 foreg Y wd a isic svst S aN 1 ell sed I} cs ink Val S were dj 
a t n oof } t indard | ritage I posit n betw n rimmna OATS O AV 1 1 
nts set power vad wattages Adaptation to ince errors 
I t “ piv InVOIS sc ort proper ass clated | next vg step n th progran c 4 
{ ind devices, s ( n of which is det nined by standardized powe sour s fo nstrument ca 
ic ristics des d vad 1 ing st V ot powe! was to develop i device, Operating trom an unree 
generator or line), values of voltage or curren source, Which would be capable of providing ny 
lesired, et standardized value of voltage or current tor instt 
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ved by using a standardized current supplied by a 
tery. This current passes through a dividing resistor 
which is tapped for the 15 coarse and 10 fine steps, 
drop across the taps being balanced against the shunt 
{ voltage divider. For the sake of simplicity the sam« 
if resistors R.-R,. is used both as a shunt for currents 
LINE RESISTOR i Ww 
~ AA ~ \_ 
L 7 VI) 
. * | 
GAL AMP, [ Ss sT'’D , ; 
LAMP, - rie, 3. Current 
f 
chao T a rr Regulator for Pho- 
c ry H dat tometer: Simplified 
<= Ln — diagram; and pho- 
er “> tograph oi installa 
) ef ceuL = oa tion. 
+ a2 
< { 4 
—_ ~ es Ane 
' y 
TO STANOAK DIZING 
POTENTIOMCTCe 
isa potentiometer divider for voltages, the n SSAari 
ching being done by the voltage-current changeoy 
ten Insof ir as the ranges are svinmetrie il both vol 
ge and current ranges are read on the same swit dia 
ips tor each corresponding range of current and 
tage being taken Starting fTrom opposite ¢ ds of ) precis 
tance. For example the 1.5-volt range calls for the shows 
west point on the divider, while the 1.5-milliamper ng r 
ge calls for the highest point or the greatest resis rent s 
is a shunt, and converselv for the 150-volt and stan 
iampere point. For simplicity the diagram illustrates brated 
is condition by arrows indicating the direction of switch i stance 


tation when going from lower to higher ranges 


inge divisible in 








mn directly. Such a device should be capable ot In order to op te th ink 
ne as many ranges ot voltage ind current as pos rt ws 4 rel rang for nands 
range being divisible in a safthcient number of oltage t ic cones nrot = 
ibrate all the cardinal points on the instru sistance network operating in conjunction w 
| 
It should provide these standardized val es divid r switch I} S S mven n \ ton 
correction for load tactors such as resistance I shunt ind SECTICS sistors R ind R i\ 
f current instruments, and current d ind o1 operating wit! urse divid curt | 
ty in the case of voltmeters. ilone is satisfactory for voltag rere put 
ranges if 1S necessary n addition to p d 
o Series resistane component on ich Arie 
Pa ae 7 [ prope r voltag yids | LIS IS done yy first 
-_ _ ~ - ~~ --4 - 1! ; ' 
. : 7 3 ie | ‘ ang - verall voltage » a mw t 20 volts | 
p< 2 ere > ; 7 
oii o \ A by 3 $ R ind 1 no? rd ra pr ype i ) 
= - ° : 
‘ BP 3 “iW-f—< Lo + sistance In each step on thre erent sid 
a Rie b| 3 $ yo MiMbiam I 
: : \ 4, a ae METERS resistor, R,-R Lhe yregoing networks, w 
MAMA Aw t a + £ vv ‘7 
| ~ = 1° | 1 
Se a. P3 $ pi ridjusted, cause the system to balan LWATNS 
| < 2 Wife | . cy } +} } 
— = ee ae ee ns 3 k tf voltage or current with t ar ink p 
we, + o+ ' : liat ] lr ly t ’ ae 
a | > vour- i 1 mMeaman Vaile Wid ready YY poor down 
= 2 s ii E werces , ' | 
/ | 2 (eo ae + rt © igainst changing supply line \ v yr i} 
yi i ? - —s\F + | id) lot 1] 
j : = IVE ment demands. The regulator is capable of 
' im — ing voltmeters having sensitivities of 6O ol 
3 or higher, ind ill milliammeters i iding ¢ 
T e high resistance thermal types 
a W) ame Sieve - = : y} 
= PHOTOMETRIC STANDARDIZATION 
a = ™ — The same basic method ot Al miat 
‘ . ° ‘ ‘ } lj tr, t} -eaonlation { . = 
Fig. 2. Schematic Diagram of the Calibrating Regulator. has been applied to the regulation of curret 
standard lamps used for the calibrating 
ight-measuring instruments. As the light o 
n ] i. “ = ; . 
{n experimental instrument was built having seven incandescent lamp varies as e four 


ot 


and 150 volts and milliamperes, each 


of voltage and current: 1.5, 3, 


res 


ie) 


seven ranges 


B80. TS; 
15 steps and subdivisible in 10 steps 
circuit diagram of this regulator is shown in Fig. 2 


was found impractical to ope rate from the standard 


directly, so standard potentiometer practice was em 














brated adjustmen nsisting of coarse and tine adjust 
nts, is used t tain a potentia drop from the current 
reu ror DALaAne iainst Che SI indard cell Once thie 
rrei ia indardized, th etting’ is reliable I undis 

turbed, and the current value is entirely independent of 

norma yunts of resis ( hange such as the lamp 
CKet mtact resistum 


\ « VOLTAGI STANDARDIZATION 


\ somewhat similar system is in use in the Weston 
laboratory tor regulation of a-« voltage. In a-e work. 


+} ; 


“e 
nfortunatelv, the standard cell cannot be used as a 





Fig. 4. Regulator for A-c. Voltage Source. 


reference, so simple regulation only not true ‘stand 


ardization is possible. Furthermore, as a_ relatively 
pure wave-form is all-important for instrument calibra 
tion, a special generator must be used and cannot. be 
loaded with non lin ir devices such as the tubs bank used 
for d-c. regulation. This necessitates control by varving 
the field excitation and introduces the objectionable lag 
Although far from perfect be 


cause of these conditions, thr s\ stem is still icons de rable 


of the field inductance. 


improvement over the unre gulated generator ind at least 


provides in a-c. source of good steady-state regulation 


\ number of methods were tried for interpreting the 


nto d-c. terms for operation of the gal 1 


igre 


nometer. Non-linear bridges of both the saturating 


reactor and resistive types were tried but for various 


reasons were not satistactory The the rmocoupl heater 


combination proved highly stable but was far too slug 


wish for thre purpose The method finally idopted Vj 
lamp illuminating a Pho 


} comprises an imeandescent g 
tronic cell from the generator output. The cell output 


gainst an idjustabl battery current 


current 1s bucked i 


MENTS 
) eo 






























+ 


ind the differential used to operate the galva 
Che galvanometer amplifier in turn controls thi 
the usual tube bank carrying a portion of the g 
field current 


After a ten-minute run to allow the cell fatig 


become negligible, the system shows a regu 
better than O.1 percent. Instantaneously-appli: 
cause a momentary change noticeable in’ ins 
being calibrated, but the voltage is pulled back 


O.1 percent im ibout one second. 
FREQUENCY STANDARDIZATION 


Calibration of tachometers and frequency met 
quires a readily adjustable source of standardize 
tional speed, or its complement, frequency. A. s 
similar to the foregoing methods is in use in the W 
laboratory, utilizing a specially-designed tachometer 
erator operating against a standard potentiomete: 
reference standard. As the tachometer generator is 
damentally linear, standardization at one frequen 


ipply closely to all frequencies by simple interpx 





Fig. 5. Frequency Standardizing Regulator. 


on the potentiometer. As the tachometer generato 


} 


i null circuit, the temperature coefficient of its 


windings has no effect. 

This device arranged as a standard frequency s 
is shown in Fig. 5. An alternator is driven by 
motor having purpose ly poor speed regulation, the s 


heing controlled by the action of a magnetic brak 


the shaft of the motor. The brake current is sup 


through a tube bank which in turn is ope rated by 
lavnometer amplific r. The set up Is pe riodically st 


on 


irdized by stroboscopic comparison against a 60 


tuning fork. 














The Brinell Hardness Testing Method 


By S. R. WILLIAMS 


Professor of Physics, Amherst College 


BRINELL’S HARDNESS TESTER a, Fig. 93. On the lower part of the piston i ba iold 

une Brinell’ will always be associated with th er (6) to which the ball, to be pressed into the sp n 
hardness. “In the vear 1900, J. A. Brinell, is fixed. Th specimen is placed on press tabl 

vas then Chief Engineer at Fagersta Lron Works in tically adjustable by means of handw L pl 

presented a paper to the Swedish Society of table rests in the cup-shaped top of the screw, and Ly 

logists Swenska Teknologfidreningen), in which be inclined in any direction so that the plane surface ot 

he results of hardness determinations of mate Irregular specimens may be adjusted to a horizontal pos 

tion 


cording to his new method.. 


saa Di r } orks 
Brinell Ball Test Method consists of the forcing Ph morn WOES " 
caused by Ss ( 


. hy 
irdened steel ball. under a definite pressure, mto ' 


pecimen. The dimensions of the impression thus ob 
{ form the basis for calculating the hardness. By 
ling the pressure in kilograms by the spherical surt 
f the impression, expressed in square millimeters, 
Brinell Hardness Number’ is obtained: 
pP 
H 


H being the Brinell Hardness Number, P the load in 
cilograms, D the diameter of the ball and d that of the 
impression in millimeters. Fig. 93 shows a form of the 
Brinell instrument for general purposes. 

The method of using is very simple. After measuring 
the diameter of the ball impression by means of a micro 
scope especially designed for the purpose | see Fig. 04] 
the corresponding number is obtained from Table I. Thi 
nachine consists of a vertical hydraulic press, into the 


evlinder of which oil is forced by means of a hand pump 





\. Brinell & Gunnar Dillner. Die Brinell’scl H — 
; ~ peste > Modena Dig depeche Fig. 93. The Brinell Hard- Fig. 94. Illuminated type 
srinell’s Method of Determining Hard: 1 ness Testing Machine. *‘Origi- Brinell Microscope, with di 
re Lnstite Vo 39; ‘ Dalle + oe : nal’”’ Type made by Aktiebo rect-reading counter. (Pitts 
ke Stocthates, Seredes ee cane ae a ae 2 laget Alpha, Stockholm, Swe burgh Instrument & Machine 
st., N York City den. Co.) 


TABLE I—BRINELL HARDNESS NUMBERS—10 mm. Steel Ball 























Hardness Hardness Hardness Hardness H { 
Diameter of Number for Diameter of Number for Diameter of | Number for Diameter of Number f¢ Diameter of Numb 
Ball a Load of Ball 1 Load of Ball 1 Load of Ba I 1 of Ba I 
Impression (Kg.) Impression (Ke.) Impression (Keg.) Impression (Keg Impress Ke 
Mm.) (Mm.) Mm.) (Mm Mn 
500 3000 500 2000 S00 3000 saO0 200 
2.00 158 945 3.00 69.1 | 415 1.00 28.1) 299 5.00 93.8 14% 6.00 -9/ 9 
2.05 150 899 3.05 66.8 | 401 105 7.1. 222 5.05 2: 140 6.05 ( ) 
2.10 143 856 3.10 64.6 388 1.10 6.2| 217 o.10 22.81 137 6.10 
2.15 136 | 817 3.15 62.5 375 4.15 35.3| 212 9.15 22.31134 6.15 ’ 
2.20 130 | 780 3.20 60.5 363 1.20 34.4) 207 2.20 21.8 131 6.20 1.8 8 
a.20 124 745 3.25 8.6 552 4.25 ()] sw as 21.4 128 6.25 1 . 
2.30 119 712 3.30 96.8 34] 1.30 197 5.30 20.9 124 6.30 { Q5 
2.35 114 682 3.00 5.1) 331 1.35 192 oe 0.5) 12 6.35 { x4 
2.40 109 653 3.40 53.4! 321 1.40 18 9.40 y 1? 6.40 
2.45 104 627 3.45 51.8) 31] 1.45 0.5 18 45 19 118 6.45 81.0 
2.50 100 601 3.50 50.3 ()? 1.50 2g & 179 ro0 19, ( 6.50 
2.55 96.3) 578 5 a 18.9) 29 b.o0 9.1; 174 yay 18.9 114 6.00 0) . 
2.60 92.6 555 3.60 ‘7D SH 1.60 28.4 170 5.60 1S.¢ 6.60 x HLS 
2.65 89.0 534 3.65 46.1 277 1.65 27.8 L167 5.65 Ls.2 ' 6.65 oe | 
2.70 85.7 514 3.70 44.9 269 1.70 21.1) 163 5.70 7 107 6.70 { j 
2.40 82.6 495 Ba Ass 13.6 262 £75 26.5 159 sy 105 6.75 ) . 
2.80 79.6| 477 3.80 42.4) 255 1.80 25.9 15¢ 5.80 17.2: 10 6.80 ) ( 
2.85 76.8\ 461 3.85 41.31 248 1.85 25.4) 152 0.89 16.8 10] 6.85 (4 
2.90 74.1| 444 3.90 40.2 24] 1.90 94.8 14! 5.90 16.5 99.2 6.90 69.2 
2.95 71.5| 429 3.95 o9.1| Zoo 1.95 24. 146 95 16.2 7 6.95 68.0 
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Vertical section of the Alpha Durometer. (Herman 


nder is loaded with weights hk corre sponding to 
oad required When the weights rise. the 
pressure is attained. This pressure cannot be 
nad k Ps mstant as long as the weights are 
press 5 leased by op ng the release 

1s e attained pressure keeps constant for the 
red for the test. Incorrect readings are com 
ided. When the indications on the gage diffe: 
of the hydra econ rol. the gage Is always it 
corresponding to pressures of 250, 500, 790, 


00, 2000, 2500, and 3000 kg. are supplied wit! 


rie It is recommended tha 


nN Bal es S Ol ron an st ill of 10 
] ) ee | ; ca. 
ia tond | K000 Ko... OF i il ot » WT 
. . Pie . . 
nda vad of ¢o0 ko... should ar sca lor cop 


10 mm. ball with a load of 1000 kg., or 5-mn 
load of 250 kg. For copper: 10-mm. ball with 
vad See Brit. Stand Fables of Brinell Hard 
bers, No. 240, 1926 


esting hard steel objects, 


HI exceeding 925 
, Lon 

av oceur that ordinary steel balls are not suf 
ird for producing distinct indentation. In suel 


to 675-700) the Hultgren’s Extra hard 


As pointed out by Dr. Brinell, in his first paper, the 


nsile stress 7’ of wrought or rolled iron or 
: ; 
so be determined when the hardness number 


1 
H is known, but only for these materials. 
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¢% ] } 
| F. ov SHOWS this relation graphica 
Brinell’s method rests on th principle t 
Der aS a measure OF Hardness is given by 


\pplied Load 


Contact Area of recovered indents 


Chere are other indentation methods which en 
tions ot this equation 

Certain precautions are to be observed it 
Brinell and other types of indenter hardness 
machines. The samples should not be so thin 


the bottom lavers ol the substance disturbed by 
dent r ipplied to thre top surface Also thie 
should not be applic dso near to the edgar ot the 


that a flow of the metal will occur in that direct 


rHE ALPHA DUROMETER 


Chis is an instrument designed especially for 


] } 


tests of small tools, tubing, hardened steel parts al 
tions which do not readily lend themselves to a st 


Brinell test. Because of greater rapidity in making 
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Durometer (ALPHA) 


Fig. 96. Relations between the hardness numbers 


various hardness testing machines. The scales at the top 
diagram indicate approximately the ultimate tensile 
rolled and wrought iron and steel when the Brinell-har: 


Alpha-hardness or Rockwell-hardness is known. 


this instrument uses the depth (rather than 


ter) of the indentation as a measure of hardness 
be said, however, that the loss of time in readin 
diameter of the impression can be avoided by readit 
depth on the dial gage corresponding to the diam 


thre Impressions for the respective hardness numb 
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Rockwell 


nd the relation between depth ind diameter of 

sion should be established for each kind of mate 

different stages of hardness and plotte don a 

r recorded in a table. In this way rapid routin 

ass production may be made according to the 
thod. 

O95 shows a vertical section of the Alpha Durome 


Inasmuch as this form of the Brinell machine is 


to the Rockwe l] which is to be described 
the Alpha Durometer may be used in making com 
\"¢ neasures on the Brinell. Durometer, R « kwell ( 


Rockwell-B seales. Fig. 96 is a diagram showing the 
} 


ximate relations vetween the different hardness 


sas well as the ultimate tensile strength for rolled 


i wrought iron and steel when the various scale hard 
ses are known. If one wishes to make tests according 
the Rockwell C-seale, a diamond cone. accurate ly 
ind to an angle of 120° and with a rounded point, is 
sed as an indenter. In the Durometer test the indenter 
, diamond cone accurately ground to an angle of 120 

with a sharp point. This form is used because the 
anufacturer believes that he can duplicate such a con 

re accurately than the one with the rounded point 
When it is desired to carry on hardness tests according 
the Brinell or Rockwell method, balls of various sizes 
nd with different loads are used as indenters. In testing 
i hardness of a substance with a diamond cone in 


lenter, the cone is forced into the object to be tested 


nder an initial load of 10 kg. and a final load of 150 ke 


m 





Fig. 97. Olsen Brinell Hardness Tester. 


Uhe increase of the depth of the impression due to the 
ncrement of load of 140 kg. is taken as an indication of 
he hardness. After the full load has been applied and 

conditions have become static. the extra 140 kg. is 
emoved and the depth of the impression is measured 
One complete revolution of the longer pointer is equiv 
‘lent to a movement of 1 millimeter of the spindle of the 
lial indicator and each division to a movement of 0.01 
m. of the spindle. Inasmuch as the penetration of the 
liamond cone is amplified to give a movement five times 


is great on the indicator scale, each seale division of the 





lial corre sponds to a depth of impression of 0.002 mm 











C)rie complete rotation otf ¢t long hand imadicates i dept 
change I U.4 nm Lhe possibility of carrving oul 
Durometer and Rockwell diamond cone tests well as 
Brine] ind Ro« kwel] bal ha dness tests, Mak LLisS 8) 
strument more niversal than many others 
OTHER BRINELL MACHINES 

l inuracture I \ rigina 13 reid 
Sweder nake 0 h I ind rer J LCHINCS he) | 
DUI is to be nounted 1 ) mms str idd Img a narrow 
gage track on 4 one! ar | 1 rd r that t | pe I n 
Can pass through th nachine oO 1 Carriage 

Q i number of othe: in cetul sin | rop ind 
of course, in America, ha produced s illed Brine 
Hardness ‘Testers. Fig. 97 shows a forn put out by t 


Finius Olsen ‘Testing Machine Co. of Philadelphia, P 


It is a rugae d substantial machine Duilt tor testing ww 
quantity production ind is of the motor-driven, hvdra 





Fig. 98. The Olsen Baby Brinell, for testing soft metals an 
s x 
non-metallic materials. 


Ivpe. his machine nav be controlled ty i toot peda 
ilthough hand contro IS preter ible as t gives nor 
uniform results under quantity pi rd Tn) Phi stand 
ird maximum load of 3000 kg s smoothly and ace 
rately ipplied. There are twelve weig Yr applying 
various loads by increments of 250 kg. up t S000 keg 


Olsen machines are equipped with the standard Brit 


10-mm. ball. Unfortunately, Americans persist in mak 
ing steel balls measured in English units 

lor te sting the hardness of soft metal ma t i 
the Olsen Baby Brinell shown in Fig. 98 yperates on 
Brinell principl but with light weights and small balls 


he load is ipplied directly from dead weights to the 
ball indenter, giving sensitiveness andy reliab 
under the small load used. A 116” 
load of 12.61 kg. as this load bears th 
the 1/16” ball that the 500-kg. load does to the 10-mn 
ball in the Standard Brinell Test. H 

ne 


, : 
bal s used witl 


owever COMpPArA 


tive Brinell Hardness reading inno 


relation and hardness numbers in the use of this equip 


ment should be used only as determined byw a specia 


table of numbers furnished with tl 


In Fig 


Brinell ‘Testing Machine as put out by the Steel Cit) 


it Il ichine 


99 will be found a recent devel pment of thre 


Testing Laboratory of Detroit. Michigan. It is a hand 
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Fig. 99, 


Fig. 100. 


Special Brinell machines made by Steel City Testing Laboratory. 


operated machine in which the procedure for measuring 
hardness is the regular Brinell method. In their litera 
ture the manufacturers state that For practical pur 
poses, the tensile strength can be assumed to be one 
third of the hardness number in metric units: or the 
hardness numbers can be multiplied by the coefficient 
0.346 as a uniform constant and the result obtained will 
be the ultimate tensile strength of the material.” In Fig 
100 is shown a power-operated Brinell machine made by 
the same company 

Among the many forms of Brinell machines, developed 
tol production line testing in industry, is the one shown 
in Fi 101 and made by the Pittsburgh Instrument & 


o 
\I it lime Co The irticle Ss tO bye te sted OVE along acon 


tinuous convevor track until they arrive at the base of 





Fig. 102. Rapid hardness tester made by 
Gogan Machine Corp. 
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Fig. 103. 


Fig. 101. Special Brinell machine with provision for conveying 
large and heavy parts, made by Pittsburgh Instrument & Ma 
chine Co. 


the hardness tester where they meet a multiple r 
arrangement whereby the specimens roll under the 
denter and then pass on again to the continuous convey 
track on the other side of the base of the hardness test 
In describing the original Durometer above, referer 
was made to the time-saving advantage of reading dep 
on an indicator instead of measuring diameter throug 


microscope. Many machines are made, employing 


; 


method, which are primarily designed for utmos 
saving. Fig. 102 shows one 3000-kg. load and 10 


steel ball) made by the Gogan Machine Corp. of ( 


land, Ohio. From this company’s literature we quot 


Nothing to do but to insert piece 


tested, press foot pedal and read hardness numb 


following: 








Fig. 104. 


Special Brinell machines made by Alfred Amsler. 













Amsler’ gets out an extensive line of hard 
sting machines. both hand ind motor-driven 
03 and 104 show two of this firms’s large machines 
ivy, cumbrous specimens. In the U.S. A. the test 
ive been de finitely standardized at 3000 kg. for 
metals and alloys, and at 500 kg. for non-ferrous 
5000 ke loads such as sore Amsle r machine S ust 


not be standard in the U.S. A. 





Fig. 105. Hardness tester, for Brinell and other tests, made 
Louis Schopper. 


Louis Schopper” carries another extensive line of hard 
testers. ranging all the way from light. portabl 
rs up to those employ Mg heavy loads. Fi g@ 105 shows 


if this tvpe. A feature is “a badeeabicetty operated 


gulating device, by means of which the rate of the load 
ipplication may be set to suit requirements 

\part from structural features, there is little differ 
various so-called Brinell machines as 
All use the same 


indentation. This applies not only to 


nee between the 
put out by the leading manufacturers. 
iS1¢ method: 
\merican machines but also to English and continual 
European products. One could go on showing instruments 


one make and of 


others indefinitely. 


DYNAMIC INDENTATION 


Che foregoing machines depend upon a stati load 
give the indentation of the ball or the diamond point 
lor some time there has been a call for a machine which 
will measure hardness in terms of dynamic loads because 
nso much of our machinery it is just that type of load 
gainst which the machinery must resist. The Olsen com 

ny has brought out the Ballentine Hardness ‘Testing 
Machine’ of the dynamic indentation type shown in Fig. 

3. In the first place the indentation is made by a blow 

d. therefore, being instantaneous, it can be operated 

re rapidly than the static type and the manufacturers 

n as great an accuracy for the machine as for the 
tie type. This machine gives a hardness scale of 
finite physical units in which the energy absorbed in 


iking an indentation is compared with the volume of 


ndentation. The units are inch pounds of absorbed 

















cherge’\ compared to volume ot indentation in thousatr d 
ft a cubic inch. The resulting seale is one in which ea 


: : 
hardness unit has the san ! mine as verv other nit 





Fig. 106. The Ballentine Hardness Tester, a fast dynamic in 
dentation tester. (Tinius Olsen Testing Machine Co.) 














Fig. 107. Steel City 
hammer. 


Testing Laboratory's hardness-t sting 


Although it belongs primarily no iter article. 
Portable Hardness ‘les rs, the hardness testing 
mer made by the Steel City esting | iboratorv may b 
mentioned here, because it emplovs a dynamic indenta 
tion method Fig 107 shows this simple device in 


' : 
adaptation of the reg ited-tension-spring hammer. strik 
} 4 


ing uniform blows 
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METER lower upkeep and provide you with far more alert pr 
COSTS Also radio. auto. aircraft fuses. Fuse mountings. Write Litte 
fuse Laboratories, 4250 Lincoln Avenue, Chicag nois 
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Simplify 


your Gauging 
WITH THE NORTH SIDE 





AMPLIFYING 
GAUGE 


Used more rapidly than snap 
gauges and gives more useful 
results. Well adapted for use 


by unskilled labor. Handles all 
shapes, up to 514” high on table 
and 8” in length between cen 
ters. All styles from universal 
(illustrated) to plain. single 
purpose models. Highest work 
manship and best materials. 


The North Side Tool Co. 


7-19 Maryland Ave Dayton Ohio 
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Dead- 
weight 
Principle 


| cate ( eSS 1 10.001 
Measuring capacity 0.040 
} \ ‘ " 
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PROBLEMS —SOLUTIONS — DISCUSSIONS 
FEBRUARY PROBLEM (No. 16) ( rr Marcel 15 / ruy 
‘ dt rd several hun 
CONTINUOUSLY MEASURING " 
SMALL FLOW OF LIQUID P ene: ne 8 eee oe 
. thie bseriber, Robert \ 
Research Director seeks method of in Har \ ugeested thi 
dicating flow rate of methanol: 0.3 to 5.0 rifice ae. I he definitel, 
Ibs./ hr has found drop-count methods ey ve of one Rotamete 
inaccurate ar dequate SO We ward hin 
rable Mention but no cash prize 
55 PRIZE SOLUTIONS ) 
Alto her, ten solutions and 
WILLIAM H DeWlT'l LOS ere sent in. We mailed 
ROCTIESTER, N.Y » the Research Director whos« 
KERMIT K. FISCHER Piped .2iracciePag  aapasisonndaon 
PHILADELPHIA, PA our astonishment, his comments 
jualify any solution as “complete 
Dol HOU independently reported explained that his original inquir 
ha he commercially-available float-type been too brief: His. real problen 
triable re constant-head_ flow-indic feed the methanol at a rate deter 
ing device snow Rotameters re py the flow ot inother = fluid | 
made t l models sufficiently tiny to ir course, is nothing less than a prot 
licate lo te of $ it ny ith sul tutomatic flow ratio control or 
Cel curacy tioning control” one of the most 
both of whom gave evidence of under phases of industrial instrumentati« 
tandin that this flo rate corresponds our part, we had to judge the er 
to that of a slowly dripping faucet: about ith regard to “Problem No. 16’ 
me drop per second problem which we printed, whicl 
both of whom suggested oO Rota implied that the flow-rate of the 1 
meters in series, one witl minimum iol has to be constant in order 
readable capacity L ee miin., the other HWeAatLoOns in be read ccurate 
ith macimum calibrated capacity hich said nothing about automati 
60 ce./min., to take care of the rela portioning fo us, the two-Rot 
ively ree flo variation, given as 16.6 solution entered independently by DeW 
to l, and with seale to spare at both ex nd by Fischer is complete; d it 
rem ‘perfect” because it only involve 
mercially-available parts nothing t 
It is lucky for Jnsfruments that only trive, construct, calibrate ind 
» subscribers sent in this “complete” for davs or weeks until it works 
ind erred olution of Problem No. 16 Seve! entrants, In their disei 
If all readers acquainted ith the prod remarked that Problem No. 16 d 
of Schuette & hoerting Co ind of Ive he desired accuracy: and they 
Ii ney X Por Ye ne iT 1 maited ehemes vhich unless eml 
' r meter dl tered 1 of superlative 
( iit ( l erie ! 1}, stl ndreds of ce 








Problem No. 18 


SPECIAL TIMI 


“In connection with an application of the cathode-ray tube, I require a ti 
base that will move the spot horizontally across the screen every one-fifth ot 
a second, or multiple thereof, beginning always at the same edge. Thi 
transit across the screen need not be at uniform velocity from edge to edg 


but all successive transits must be absolutely 


should not exceed 
sweep every fifth of a 


or three millionths of a second.” 


EDITOR’S NOTES 


0.01 sec. and inquirer will frequently use a setting of a millisecond or les 
for it is only at such speeds that a timing variation of 2 or 3 microsecon 
would matter. (2) Presumably, return trace to be suppressed. 


Five dollars will be paid for every solution (or critical discussion clearly poi: 
ing to way to a solution) which is accepted for publication. Address Instr: 
mentation Forum, 1121 Wolfendale St., Pittsburgh, Pa. Type double-space 
one side of paper. Draw diagram in black ink on separate sheet. Diagr 
must not be larger than 5” x 5” and must stand reduction to 2!/,” wide. | 
neatness will count, in this particular case.) Mail before May 15. Solutions ar 
discussions accepted will appear in June 1938 issue. 


one-hundredth of 


BASE FOR CATHODE-RAY 


ident 


second. 


second (or multiple) without being off more than ty 


(1) Presumably, duration to be adjustable UP TO 


Subject Index 


TUBE 


ical in duration. Durati 
The beam must begin 1 


t\ 
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uniform the met . ¢ R ‘ if iq 1 met 
e under the conditions of lle re ed effect that he di 
el erature, Wupuritles nd | I ( l ( t 
| hich may ir\ nad var bye bviate » 
ions | urface tension. Ho rifice for ! 
{ ¢ certal that interested read roo ad peri tye . 
} } ene the ( mete : 
¢ m-count method ssun ( ‘ e Rese 1) , , 
( C1 ure, ert aqdepenas Tit est 
ratio of the counting period \ t ( | r ece ( 
rite evel the lowest flo ! ad} e 3 nut , 
could) be measured to u micathye l concerned 
el two-minute periods and the 
aR | 
2.05 Ds. ht could be 1] Mentior ‘ F 
ed to O44O, over a one-minute | ‘ or rhe 
\ simple, relatively inexpensive W. C. Gardiner, Niagara 1] a ‘ 
electric drop-counter and electric 1) Greenwell, Rochester, N. ¥ trean { ' i re 
described in Justruments, July \\ | Wenger, Philadelphia. | i r r ( 
es 170-173, by H. Hunter Smith, : ; trar ( ~ ‘ ‘ 
rted in effeet that all drops of John I Black, Raleigh, N. thi ( ‘ C4 
sul from eiven capl r\ \ f ! e ( ke rar Thy I ‘ ) ! ‘ r 
( ( \ Ine Ul Cl t t ’ measure ( ely I rie t ( ‘ 
) I ve rife ‘ tter ! ere 


Ss PRIZE SOLUTION weigh the sm , 
By JOHN M. MEYER é ) | 


mietl INS1ce ertie 0 ‘ Tubye ( ( ( I t | 
SAN FRANCISCO, CALII , 
sing ring t nee, Plea id L m> bag ‘ 
N ct for more than 1 briet il) methanol drops ulsicle Is Inclined g S {1 adussertat ! n meter ( 
I thi entrant's manuscript, of Tuibye nd using iboratoryv equ ( wing re vd t 
ay ing of a rather elaborate ap 1) nee \ four ideas seem to ck the ari les, na I tl 
Le proposed hat the methanol, specified 17-1 ranveabilitv: mild re re ize t t 3 it 1 ¢ 
| remperature ind LO-Th roe ulire Gel ( ~ ‘ ( tistactori ( ( 


IF accuracy is essential to the 





quality of your werk, greater 





accuracy will increase your suc- 







cess. Johansson Gage Blocks 





the means for greater precision 






and consequently a better repu- 










tation in your field, are easily 





Combinations of 





obtained 










blocks, which can measure con- 






secutively by an increment of 





0001 100 to 20.000 in 





in. from 











range in price from as low as 
$3.50 


blocks 








Additional individual 











are available which 





range between certain sizes by 












an increment of 00001 in A 











total of 174 blocks are sold sep- 
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arately. Catalog No. 12 gives a 


complete list of sizes and prices 
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C. E. JOHANSSON DIVISION 


FORD MOTOR COMPANY 
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Physics for students ot Applied 
Sclence ! ! 


Hi 


essentials of 
cidedly continental 

Y k is well reflected in t 

graphy wherein, of the L170 

refer to articles pu 

lish language 

universal and bas 
ectrical measureme} 

masterly manner 

, ion given to the tv] 

known in i reneral ] if e] rical measuring 
il instrumentation, vet en \ hich American and |] 

ons of enginee! il renerally familiar 

sion of lv jt if ‘ ranslation of 

imong whicl 
be mentioned instruments having 

unus forms of magnetic eircults 
‘ rendered possible by recent develop 
)-B- ments in magnet steels. A number of 

es principles of measurement. whic while Experimental Radio (Fourth 
Eilektrische Messgeriite und Messein- and i ny ense new have a ‘diese ‘ima By R. R. RamMsety. Ramsey Put 
richtungen. [iy A ‘. Julius Spring ofor found wide practical application ing Co Bloomington, Indiana 


;2 , 14°97 1 rte . ‘ 3 ‘ i ] 
reeds ‘ c il ‘ : if pr inenes t Cloth, 644 914 inches, xiv 196 | 


rom qu ‘ 

be found it Price $2.75 postpaid 

nelude, fo One object of a laboratory co 

or ratio ourse of engineering stud 

ty pe of ne en permanent the student in handling 
magnet moving-iron movement. and the tus nd to acquaint him in 

tic measure ind limitations. This book accor 
ments. Considerable attention is is it i fairly satisfactory 
to the measurement of high vo res Another object is to provide 
in the writing of reports that 
lucid and free from non 
nd common jargon, TI 

n this respect: faulty 
ntences and mis 


bismuth piral for magne 


he characteristics 
book shares a plete 
technical works 
reno clue to the 
described: it treats in 
ve instruments lone many statemel! 
ntypes and others ( taken certainly do 1 
that thev have n ve proper example of what constit 
il acceptance in the iceceptable report or paper 
or instance More than 130 experiments ; 
rded recor filling 196 pages, and while 
example them represent »bsolete me 


sa we 
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l-know eri then ire rcceptable in 
n many ises the 
truments and met 
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Lamps 
done WITH NO MENTAi HAZARDS 
FLAME-OTRO 

; Fans The SCLEROSCOPE has done it for 


Protects Gas Fired Equipment Heaters the past 30 years. 
Against Explosion In general use 

ecords ‘ cling o ' , for specificatio 

ty th ot etric device eful for purposes. Sim 
cords, tir stu ple, sturdy 
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